ABSTRACT. Expression of peroxisome proliferator-activated receptor (PPAR) α was investigated in adiponectin knockout mice to elucidate the relationship between PPARα and adiponectin deficiency-induced diabetes. Adiponectin knockout (Adp −/− ) mice were generated by gene targeting. Glucose tolerance test (GTT), insulin tolerance test (ITT), and organ sampling were performed in Adp −/− mice at the age of 10 weeks. PPARα, insulin, triglyceride, free fatty acid (FFA), and tumor necrosis factor α (TNFα) were analyzed from the sampled organs. Adp −/− mice showed impaired glucose tolerance and insulin resistance. Additionally, PPARα levels were decreased and plasma concentration of triglyceride, FFA and TNFα were increased. These data may indicate that insulin resistance in Adp −/− mice is likely caused by an increase in concentrations of TNFα and FFA via downregulation of PPARα.
doi: 10.1292/jvms. for exon 2 and exon 3 coding region of adiponectin gene (Fig. 1A) . The gene targeting was performed as described previously [5] . During screening, correct homologous recombination was confirmed by Southern blotting (Fig. 1B) . A male chimeric mouse was mated with B6J females and backcrossed for more than 8 generations. All mice were provided ad libitum diet for laboratory animals (CA-1; CLEA, Tokyo, Japan) and tap water. The animal room was maintained at 24 ± 2°C with 55 ± 10% relative humidity and 12 hr artificial lighting from 08:00 to 20:00. Mice were fasted for >16 hr before glucose tolerance test (GTT). They were then fed glucose at a dose of 1.5 g/10 ml sterilized water/kg body weight by oral administration. Subsequently, mice were fasted for >3 hr before insulin tolerance test (ITT). They were then intraperitoneally challenged with human insulin at 0.55 mU/g body weight (Human Insulin, Eli Lilly Japan K. K., Kobe, Japan). In the GTT and ITT, blood samples were taken at different times (0, 15, 30, 60 and 90 min) from the orbital sinus using a heparinized capillary tube, and blood glucose concentrations were measured using an automatic blood glucose meter (ARKRAY Factory, Kyoto, Japan). Blood, liver, femoral muscles (as skeletal muscle), and white adipose tissue (WAT) were harvested from mice anaesthetized with pentobarbital sodium (40 mg/ kg body weight, intraperitoneally, Kyorituseiyaku corporation, Tokyo, Japan). Plasma was recovered by centrifugation at 4°C and stored at −20°C until assay. Plasma triglyceride was assayed by DRI-CHEM 7000 (FUJIFILM, Tokyo, Japan). Plasma FFA, insulin, and TNFα were assayed using commercially available kits (FFA; Wako Pure Chemical Industries, Tokyo, Japan, Insulin; Morinaga Co., Ltd., Yokohama, Japan, TNFα; eBioscience, San Diego, CA, U.S.A.). Total RNA was prepared from liver and femoral muscles with TRizol (Thermo Fisher Scientific, Yokohama, Japan) according to the manufacturer's instructions. RNA (liver: 500 ng, femoral muscles: 50 ng) was reverse-transcribed to cDNA using SuperScript III RNAse H-(Thermo Fisher Scientific). Real Time quantitative PCR was performed using SYBR Premix EX Taq TM (TAKARA BIO INC., Kusatsu, Japan) and specific primers for PPARα (Forward: 5′-ATGCCAGTACTGCCGTTTTC-3′ and Reverse: 5′-GGCCTTGACCTTGTTCATGT-3′) according to the manufacturer's instructions. The PCR reactions and detection were performed on 7500 Fast Real Time PCR System (Applied Biosystems, Foster City, CA, U.S.A.) using GAPDH (Forward: 5′-AACGGGAAGCCCATCACC-3′ and Reverse: 5′-CAGCCTTGGCAGCACCAG-3′) as the internal control for normalization purposes. This study was approved by the Animal Committee of the Central Institute for Experimental Animals (Permit No. 15050). The plasma adiponectin concentration was undetectable in Adp −/− mice and it was reduced by 40 and 60% in male and female Adp -/+ mice, respectively ( Fig. 1C and 1D ). Body weights of male Adp −/− mice were significantly higher than those of Adp -/+ and wild type mice (P<0.05, Fig. 2A ). When satiated, the blood glucose concentrations did not vary between Adp −/− , Adp -/+ , and wild type mice (Fig. 2B) . Both male and female B6J-Adp −/− mice revealed impaired glucose tolerance relative to Adp -/+ and wild type mice (P<0.05-0.01, Fig. 2C and 2D) . The plasma insulin concentration after glucose load in the B6J-Adp −/− male mice was significantly lower than that in Adp −/+ and wild type mice (P<0.05, Fig. 2E) . Surprisingly, the plasma insulin concentration before and after the glucose load in the B6J-Adp −/− female mice was similar to that in Adp -/+ and wild type female mice (Fig. 2F) . Both male and female B6J-Adp −/− and Adp +/− mice showed higher insulin resistance than wild type littermates ( Fig. 2G and 2H) .
The expression of PPARα was significantly lower in the liver of male and female B6J-Adp −/− mice than in the wild type (P<0.05, Fig. 3A ). The expression of PPARα was significantly lower in the muscle of the male and female B6J-Adp −/− mice than in the wild type (P<0.05, Fig. 3B ). The concentrations of triglyceride (P<0.05-0.01, Fig. 3C ) and free fatty acids (P<0.05-0.01, Fig. 3D ) of the male and female B6J-Adp −/− mice were also significantly higher than those of wild type. Additionally, plasma TNFα concentration of the male and female B6J-Adp −/− mice was much higher than that of wild type mice (P<0.05, Fig. 3E ). Expression of PPARγ in white adipose tissue of the male and female B6J-Adp −/− mice were significantly higher than that in Adp +/− and wild type mice (P<0.05, Fig. 3F ).
In this study, there was gender difference in insulin action on glucose load. The gender difference in Adp −/− mice was induced by gender difference in wild type. The gender difference of wild type was consistent with a that in a previous study that demonstrated that insulin concentration in FVB strain mice was higher in males than females [1] . Estrogen, which facilitates hepatic glucose uptake and storage in rodents, provides the most effective means of suppressing excessive hepatic glucose output in susceptible mice [10] . Consequently, the gender difference of insulin action on glucose load in wild type might be induced by gender difference of estrogen.
Though, the inverse relationship between adiponectin and TNFα expression is well documented [7] , the underlying mechanism has not been elucidated. This study demonstrates that PPARα is downregulated in Adp −/− mice. PPARα is known to promote a reduction of triglyceride concentrations [13] . Plasma triglyceride and FFA concentrations are indicators for estimating obesity [11] . Our data indicate that the concentrations of both plasma triglyceride and FFA are increased in Adp −/− mice. Additionally, PPARγ expression is also upregulated in Adp −/− mice. Increase in PPARγ levels results in adipocyte obesity [8] . We speculate that PPARγ upregulation causes the size of adipocytes in Adp −/− mice to be larger than Adp +/− and wild type mice, even though, body weight of Adp −/− female mice is not significantly different from wild type. Additionally, the obesity in adipose tissues might also be triggered by downregulation of PPARα in Adp −/− mice. Consequently, Adp −/− mice expressed much higher levels of TNFα and FFA. Finally, TNFα and FFA are associated with insulin resistance and are known to be secreted from adipose tissues displaying obesity [18] . There is a pathway that AMPK induces PPARα through p38MAPK although AdipoR induced AMPK activity [16] . Together these data indicate that the insulin resistance in Adp −/− mice might be induced by the increase in concentrations of TNFα and FFA via downregulation of PPARα. In future, we will clarify which in PPARα and AMPK is important because we have already developed PPARα knockout mice.
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